A study has been carried out on the I -V characteristics of junction diodes for low current applications. An analytical correction for temperature on the forward voltage is estimated using experimentally derived parameters. The parameters can all be easily measured. The analytical correction is found to be accurate within 4% for a current range of 10 Ϫ11 -10 Ϫ4 A and for a temperature range of Ϫ30-70°C. This study will be useful for logarithmic electrometers for low current measurement where space and power are at a premium.
I. INTRODUCTION
The current to voltage characteristic of a junction diode is approximately logarithmic at low currents. However, in many of the available types of diodes, I -V characteristics were found to exhibit considerable irregular deviations from an accurate logarithmic relationship. The deviations are attributed as mainly due to two reasons. One is the effect of ohmic resistance at higher currents and other is the recombination generation current, which becomes dominant at low currents.
1 Junction diodes also have a higher leakage current and are generally not used in logarithmic electrometers as a nonlinear device for the low current region. The reverse saturation current (I 0 ) of the diode decides the low current limit of measurement. It is possible to reduce I 0 by reducing the operating temperature, but this would involve extra complexities such as encapsulation of the device and maintaining it at a constant low temperature. The I 0 is exponentially dependent on the band gap of the diode and is therefore lower for diodes made of wide band gap materials. Light emitting diodes ͑LEDs͒ have been used as a nonlinear element in logarithmic electrometers for low current measurement.
2
Low leakage diodes are exceptions to general junction diodes. Some of them show remarkable linearity with a logarithmic range of operations. Logarithmic electrometers find applications in many scientific applications including space science 3 and nuclear science. A logarithmic electrometer using a low leakage silicon diode as a nonlinear element has been fabricated and its I -V characteristics are obtained experimentally for calibration. It is known that I -V characteristics change with the operating temperature. If a measurement is obtained other than for the temperature at which calibration has been done, theoretical corrections can be applied to get the correct value. It is possible to use temperature compensation circuitry, which may make the circuit more complex. In applications where it may not be possible to accommodate the complex electronic circuitry needed for temperature compensation, and the accuracy requirement is not very stringent, analytical correction is required. Techniques implementing an analytical correction of temperature errors over extended temperature ranges have also been reported. 4 -6 The first method 4 is limited to measurement in the current range of 10 Ϫ9 -10 Ϫ3 A while the other method 5 uses LED as a nonlinear element. Both methods require the value of the band gap of the device used. A new general expression was reported 7 for the I -V characteristics of a junction diode by which it is possible to determine forward voltage across a diode at the actual current and temperature. The expression includes only experimentally obtained and derived parameters. Theoretical estimation of the output voltage at some selected temperatures is compared with the experimentally measured values in the current range of 10 Ϫ11 -10 Ϫ4 A and in the temperature range of Ϫ30-70°C. It has been shown that theoretically estimated values agree within 4% to experimentally obtained values at these temperatures for low leakage diodes and LEDs.
II. THEORETICAL BACKGROUND
The use of a silicon diode as a nonlinear element for logarithmic electrometers is limited by the fact that the reverse saturation current (I 0 ) of the diode is of the order of 10 Ϫ10 A which restricts measurement at low currents. However, low leakage planar diodes and light emitting diodes can be used for this at low currents. The current-voltage characteristics of junction diodes depend considerably on the ambient temperature. There are temperature dependent terms in the ideal diode equation, the reverse saturation current I 0 , and temperature itself. However larger temperature dependence occurs in the I 0 term. In practice, it is difficult to measure the temperature dependence of reverse saturation current, which may be of the order of femtoamperes. If an analytical correction for temperature is required at low currents, one may have to derive certain parameters theoretically. In order to avoid that, an expression 7 can be used describing the I -V characteristics of the p -n junction, which uses experimentally derived parameters that are more easily measured than those derived from theory. In this scheme, four points are chosen on the measured I -V characteristics a͒ Electronic mail: yacharya@prl.ernet.in REVIEW OF SCIENTIFIC INSTRUMENTS VOLUME 72, NUMBER 8 AUGUST 2001
